We here reported the 1 H/ 13 C chemical shifts, binding affinity and binding free energy of 1,4-pregnadiene-11b,17a,21-triol-3,20dione (Prednisolone; Prd) interacting with metal cations. Six different Prd/Ni or Co mixtures were examined at different molar ratios (1:0, 1:0.1, 1:0.2, 1:0.3, 1:0.4 and 1:0.5). In this analysis, the 1 H and 13 C chemical shifts were measured for the Prd/cation mixtures using a Bruker AV 500 MHz spectrometer (Bruker Bio-Spin GmbH, Rheinstetten, Germany), equipped with a 5 mm zgradient Prodigy BBO 500 MHz probehead at 298 K, and simulation of the 1 H spectra were determined from the Daisy software package (Bruker BioSpin GmbH). Binding affinity and free energy values were deduced from the 13 C NMR peak intensities involved in the cation interaction, for more insight on the steroid/cation interactions please see Magnesium and Calcium Reveal Different Chelating Effects in a Steroid Compound: A Model Study of Prednisolone Using NMR Spectroscopy [1].
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We here reported the 1 H/ 13 C chemical shifts, binding affinity and binding free energy of 1,4-pregnadiene-11b,17a,21-triol-3,20dione (Prednisolone; Prd) interacting with metal cations. Six different Prd/Ni or Co mixtures were examined at different molar ratios (1:0, 1:0.1, 1:0.2, 1:0.3, 1:0.4 and 1:0.5). In this analysis, the 1 H and 13 C chemical shifts were measured for the Prd/cation mixtures using a Bruker AV 500 MHz spectrometer (Bruker Bio-Spin GmbH, Rheinstetten, Germany), equipped with a 5 mm zgradient Prodigy BBO 500 MHz probehead at 298 K, and simulation of the 1 H spectra were determined from the Daisy software package (Bruker BioSpin GmbH). Binding affinity and free energy values were deduced from the 13 C NMR peak intensities involved in the cation interaction, for more insight on the steroid/cation interactions please see Magnesium and Calcium Reveal Different Chelating Effects in a Steroid Compound: A Model Study of Prednisolone Using NMR Spectroscopy [1] . [1] were carried out to identify each of these 1 H chemical shifts ( Supplementary Fig. S5 ). The metal cation induced shifting effect was analyzed by the 1 H and 13 C chemical shift deviations, reported in Table 3 . Metal cation binding affinity and binding free energy deduced from binding equilibrium analysis corresponding to the two metal cation binding sites are listed in Table 4 .
Experimental design, materials and methods
The 1,4-Pregnadiene-11b, 17a,21-triol-3,20-dione (Prd) (purity ! 99%), CoCl 2 , NiCl 2 , MgCl 2 and CaCl 2 reagents were all purchased from Sigma-Aldrich (St, Louis, MO, USA) and used without further purification. Before the Prd/Co, Prd/Ni, Prd/Mg and Prd/Ca mixtures were prepared, both the steroid and metal salts were dried by lyophilizing for 3 hours prior to weighting, in order to remove all adsorbed moisture [2] . After lyophilization, a series of Prd/metal salt (CoCl 2 or NiCl 2 ) mixtures with 1:0, 1:0.1, 1:0.2, 1:0.3 and 1:0.4 and 1:0.5 molar ratios were then prepared. In the case of Prd/Mg 2þ and Prd/Ca 2þ , higher molar ratios were used, namely 1:2.5, 1:5, 1:7.5 and 1:10. Around 3 mg of Prd was weighted and mixed with increasing amount of CoCl 2 , NiCl 2 , MgCl 2 or CaCl 2 dissolved in 500 mL of anhydrous d 4methanol (Sigma-Aldrich).
For all samples, the 1D 1 H and 13 C NMR experiments were performed using a Bruker AV 500 MHz spectrometer (Bruker BioSpin GmbH, Rheinstetten, Germany), equipped with a 5 mm z-gradient Prodigy BBO 500 MHz probehead operating at 298 K. All the spectra acquired were then processed using the TopSpin 3.5 software (Bruker BioSpin GmbH). In order to determine the 1 H chemical shifts, analysis was done using the Daisy software package (Bruker BioSpin GmbH) available in the TopSpin3.5 software. [1] . c NA: Due to signal overlapping with solvent peak, the 13 C chemical shift is not available.
Specifications
The metal cation shifting effects were deduced from the plots of 1 H or 13 C chemical shift deviations against cation concentration for Prd/metal cation mixtures. And the metal cation binding affinity and binding free energy were determined from the curve fitting of the 13 C signal intensity variation against cation concentration using multiple binding equilibrium simulation [3] . [3] . The binding free energies were calculated from binding affinity using the free energy equation DG ¼ -RTlnK d , in which R is gas constant, T absolute temperature and K d is the binding affinity. b The binding affinity or binding free energy deduced from C3, C5, C17, C20 and C21 signals of Prd/Mg 2þ mixtures reported previously are listed for comparison [1] .
